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5 Background 

( 1 ) Field of the Invention 

The present invention generally relates to enzyme inhibitors and methods of 

discovering them. More particularly, the invention is directed to protein kinase inhibitors and 

methods using combinatorial libraries for identifying protein kinase inhibitors. 
10 (2) Description of the Related Art 

References cited 

Borowski, P.; Resch, K.; Schmitz, H.; Heiland, M.; Biol. Chem. 2000, 38 J, 19-27. 

Chan, P. M.; Miller, W. T. Methods Mol. Biol. 1998, 84, 75-86. 

Charp, P. A.; Rice, W. G.; Raynor, R. L.; Reimund, E.; Kinkade Jr., J. M.; Ganz, T.; 
15 Selsted, M. E.; Leher, R. I.; Kuo, R. F.; Biochem. Pharmacol. 1988, 37, 951-6. 

Cortese, R.; Monaci, P.; Nicosia, A.; Luzzago, A.; Felici, F.; Galfre, G.; Pessi, A.; 
Tramontane A.; Sollazzo, M. Curr. Opin. Biotechnol. 1995, 6, 73-80. 

Dostmann, W. R.; Tegge, W.; Frank, R.; Nickl, C. K.; Taylor, M. S.; Brayden, J. E. 
Pharmacol. Ther. 2002, 93, 203-15. 
20 Eichholtz, T.; de Bont, D. B. A.; de Widt, J.; Liskamp, R. M. J.; Ploegh, H. L.; J. Biol. 

Chem. 1993, 268, 1982-6. 

Feng, S.; Kapoor, T. M.; Shirai, F.; Combs, A. P.; Schreiber, S. L.; Chem. Biol. 1996, 
3, 661-70. 

Hofmann, J.; FASEB J. 1997, 77, 649-69. 
25 House, C; .Kemp, B. E.; Science 1987, 238, 1726-8. 

Inagaki K. et al.; Circulation 3004, 108, 2304-7. 
Lahn, M. et al.; Eur. J. Cancer 2004, 40, 10-20. 
Lahn, M.M. et al.; Oncol. Rep. 2004, //, 515-22. 

Lam, K. S.; Liu, R.; Miyamoto, S.; Lehman, A. L.; Tuscano, J. M. Acct. Chem. Res. 
30 2003, 36, 370-7. 

Lawrence, D. S.; Niu, J. Pharmacol. Ther. 1998, 77, 81-1 14. 

Lee, T. R. ; Lawrence, D. S.; J. Med. Chem. 1999, 42, 784-7. 

Munger, J.; Roizman, B.; Proc. Natl. Acad. Sci. USA 2001, 98, 10410-5. 

Musashi, M; Ota, S; Shiroshita, N. Int. J. Hematol. 2000, 72, 12-19. 
35 Nachman et al., 1995. Regul. Pept. 1995, 57, 359-370. 



-2- 



Nakashima, S.; J. Biochem. (Tokyo) 2002, 132, 669-75. 

Neid, M. et al.; J. Biol. Chem. 2003 (e-published - PMID 14604996). 

Nguyen, J. T.; Porter, M.; Amoui, M.; Miller, W. T.; Zuckermann, R. N.; Lim, W. A.; 
Chem. Biol. 2000, 7, 463-73. 
5 Nishikawa, K.; Toker, A.; Johannes, F.-J.; Songyang, Z.; Cantley, L. C. J. Biol. Chem. 

1997, 272, 952-60. 

O' Brian, C.A.; Ward, N. E. Mol. Pharmacol. 1989, 36, 355-9. 

Ricouart, A.; Tartar, A.; Sergheraert, C; Biochem. Biophys. Res. Commun. 1989, 165, 
1382-909. 

10 Shen, K.; Keng, Y.-F.; Wu, L.; Guo, X.-L.; Lawrence, D. S.; Zhang, Z.-Y. J. Biol. 

Chem. 2001,276, 47311-19. 

Vetrie, D. et al.; Nature 1993, 361, 226-33. 
Wang, Q. et al.; J. Biol. Chem. 2003, 278, 51091-9. 

Ward, N. E.; Gravitt, K. R.; O'Brian, C. A.; Cancer Lett. 1995, 88, 37-40. 
15 Way, K. J.; Chou, E.; King, G. L. TiPs, 2000, 21, 181-7. 

Yeh, R. H.; Lee, T. R.; Lawrence, D. S.; Pharmacol. Ther. 2002, 93, 179-91. 

Yeh, R.-H., Lee, T. R. Lawrence, D. S. J. Biol. Chem. 2001, 276, 12235-40. 

U.S. Patent No. 6,214,852. 

U.S. Patent No. 6,248,559. 
20 U.S. Patent No. 6,376,747. 

U.S. Patent No. 6,660,731. 

Signal transduction is the biochemical mechanism by which information is transmitted 
between distinct cellular sites. Signaling pathways differ from their classical biochemical 
counterparts in a number of ways. For example, the enzymes of glycolysis and the TCA cycle 

25 catalyze the conversion of small molecules into products, which are then passed onto the next 
enzymatic member of the pathway. By contrast, the protein participants of signaling pathways 
primarily associate with and act upon one another. 

An important group of eukaryotic and viral enzymes involved in these signaling 
pathways are protein kinases. Protein kinases are enzymes that transfer a phosphate group 

30 from a donor molecule, usually ATP, to an amino acid residue of a protein. In signal 

transduction, this protein phosphorylation can activate or inhibit the activity of the protein. 
Types of protein kinases include serine/threonine-specific protein kinases such as 
phosphorylase kinase, protein kinase A, protein kinase C, Ca 2+ /calmodulin -dependent protein 
kinase, MAP kinase, and Mos/Raf kinase; tyrosine-specific protein kinases such as receptor 

35 tyrosine kinase; histidine-specific protein kinases; and aspartic acid/glutamic acid-specific 
protein kinases. 
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Several deleterious conditions (including diseases) are associated with expression of 
protein kinases. These deleterious conditions include various cancers, various cardiovascular 
diseases, type 2 diabetes, agammaglobulinaemia, reperfusion injury, Alzheimer's disease, 
various neurological and neurodegenerative diseases, chemotherapy-induced alopecia, arthritis, 
5 various autoimmune diseases, various inflammatory diseases, allergies, asthma and viral 
virulence (Inagaki et al., 2003; Wang et al., 2003; Lahn et al., 2003, 2004; Neid et al. 2003; 
Vetrie et al., 1993; Stenberg et al., 2000; Munger and Roizman, 2001; U.S. Patent Nos. 
6,248,559; 6,214,852; 6,660,731). 

Protein kinase C (PKC) is a family of protein kinases that generally require Ca 2+ , 

10 diacylglycerol (DAG) and a phospholipids such as phosphatidylcholine for activation. There 
are at least 1 1 isoforms (^isozymes) of mammalian PKC - a, pi, pn, y, 5, e, r|, 0, x/X, and n 
which vary by tissue distribution, activators and substrates. 

PKCs are further classified as classical or conventional PKC (a, pi, pn and y), which 
require phospholipid, DAG or phorbol ester, and Ca 2+ for activation; novel PKC (8, e, r| and 9), 

15 requiring phospholipid, DAG or phorbol ester, but not Ca 2+ , and atypical PKC (£, and x/X), 
requiring phospholipid, but not DAG, phorbol ester, or Ca 2+ . Structural differences also 
distinguish these three groups of PKC from each other. 

PKCs are known to be involved in many cellular functions, including cell proliferation, 
tumor promotion, differentiation, and apoptotic cell death. For a review of PKC structure and 

20 function, see Musashi et al., 2000. 

The amino acid sequences ("consensus recognition sequences") that drive critical 
protein-protein kinase interactions are readily identified using combinatorial peptide-based 
libraries (Lam et al., 2003; Cortese et al., 1995; Dostmann et al., 2002; Chan et al., 1998). 
Consensus sequence information has proven helpful in piecing together signaling pathways. In 

25 addition, peptides containing these sequences are potentially useful inhibitory reagents that 
could furnish information about the biological role of signaling proteins. Unfortunately, 
consensus sequence peptides tend to display modest affinities (K D or K > low ^M) for their 
protein targets. We (Yeh et al., 2002; Yeh et al., 2001; Shen et al., 2001; Lee et al., 1999), as 
well as others (See, e.g., Nguyen et al., 2000; Feng et al., 1996), have shown that consensus 

30 sequences for signaling proteins can be converted into higher affinity ligands using the 3- 

dimensional structure of the protein target as a guide. Nevertheless, the tertiary structure for 
only a small minority of all signaling proteins has been assigned, thereby limiting the 
generality of this approach. There is thus a need for procedures for identification of inhibitors 
of protein kinases. The present invention addresses that need. 
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Summary of the Invention 

Accordingly, the inventors have discovered methods for identifying protein kinase 
inhibitors using combinatorial libraries utilizing a consensus sequence of the protein kinase. 
The inventors used these methods to identify potent and selective inhibitors of protein kinase C 
5 (PKC) a, PKCS, and PKC£. 

Thus, in some embodiments, the invention is directed to inhibitors of protein kinase 
Ca (PKCa). The inhibitors comprise A-Ala-Arg-Arg-X-B-Hyd-C-D-, where A =AcHN-, 





OH 



In additional embodiments, the invention is directed to compositions comprising any 
of the above inhibitors, in a pharmaceutically acceptable excipient. 

The present invention is also directed to combinatorial libraries useful for identifying 
an inhibitor of a protein kinase. The combinatorial libraries comprise a plurality of 
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compounds, each compound comprising a consensus sequence for a substrate of the protein 
kinase, the consensus sequence comprising at least five amino acids or mimetics, wherein at 
least one amino acid or mimetic is not essential to substrate binding, and wherein an amino 
acid or mimetic not subject to phosphorylation substitutes a canonical Ser or Thr target residue 
5 in the consensus sequence; and a chemical moiety covalently bound to the compound at the at 
least one non-essential amino acid or mimetic in the consensus sequence and/or the amino acid 
or mimetic not subject to phosphorylation substituting the canonical Ser or Thr target residue. 
In these combinatorial libraries, each compound comprises a different chemical moiety. 

In further embodiments, the present invention is directed to methods of identifying an 

10 inhibitor of a protein kinase. The methods comprise creating a combinatorial library as 

described above for the protein kinase, screening the compounds in the combinatorial library 
for inhibitory activity of the protein kinase, and identifying any compounds in the 
combinatorial library that are inhibitors of the protein kinase. 

The invention is additionally directed to methods of treating a deleterious condition in 

15 a mammal that is dependent on a protein kinase for induction or severity. The methods 

comprise contacting the mammal with an inhibitor of the protein kinase found by any of the 
above-described methods of identifying an inhibitor of a protein kinase. 

The invention is further directed to methods of inhibiting a protein kinase. The 
methods comprise contacting the protein kinase with an inhibitor of the protein kinase 

20 identified by any of the above-described methods of identifying an inhibitor of a protein 
kinase. 

In other embodiments, the invention is directed to the use of an inhibitor of a protein 
kinase in the manufacture of a medicament for the treatment of a deleterious condition in a 
mammal that is dependent on a protein kinase for induction or severity. The treatment 
25 comprises contacting the mammal with an inhibitor of the protein kinase found any of the 
above-described methods of identifying an inhibitor of a protein kinase. 

Brief Description of the Drawings 

FIG. 1 shows libraries I - IV used to identify inhibitors of protein kinase Coc (PKCoc). 
30 FIG. 2 shows various compounds used in PKCoc inhibitor studies. 

FIG. 3 is a graph of the inhibition pattern of compound 3 versus variable [ATP]. 
FIG. 4 shows 720 carboxylic acid moieties used in exemplified invention 
combinatorial libraries. 

FIG. 5 shows 54 aldehyde moieties used in exemplified invention combinatorial 
35 libraries. 
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Detailed Description of the Invention 

The present invention is based on the discovery of methods for identifying protein 
kinase inhibitors using combinatorial libraries utilizing a consensus sequence of the protein 
kinase. As described in Examples 1 and 2, the inventors proved the utility of these methods by 
5 using them to identify potent and selective inhibitors of protein kinase C (PKC) a, PKCS, and 
PKC^. 

Thus, in some embodiments, the invention is directed to inhibitors of protein kinase 
Ca (PKCa). The inhibitors comprise 
A-Ala-Arg-Arg-X-B-Hyd-C-D-, where A =AcHN-, 




X=any amino acid or amino acid mimetic; B=Ala or a diaminopropionic acid (Dap) derivative 
having the formula 




15 Hyd=Phe, Leu or He; OArg or Lys; and D=Ala or a Dap derivative having the formula 




In the above formula, and throughout this application, three letter amino acid 
abbreviations take on their usual meaning as L-amino acids, as well as analogous amino acid 
mimetics, unless otherwise specified. 
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As used herein, an amino acid mimetic is an amino acid analog that can mimic the 
biological action of the amino acid. Preferred examples include D-amino acids (including 
natural and artificial [e.g., Dap] amino acids) and other mimetics with non-hydrolyzable 
peptide bonds. As used herein, non-hydrolyzable means that the bonds linking the amino acids 

5 of the peptide are less readily hydrolyzed, e.g., by proteases, than peptide bonds formed 
between L-amino acids. Susceptibility to proteolytic cleavage can be determined without 
undue experimentation, for example by labeling peptides and incubating the labeled peptides 
with cell extracts or purified proteases, then isolate the treated peptides to determine which 
peptide bonds are susceptible to proteolysis, e.g., by sequencing peptides and proteolytic 

10 fragments. Alternatively, potentially susceptible peptide bonds can be identified by comparing 
the amino acid sequence of an isolated peptide with the known cleavage site specificity of a 
panel of proteases. Based on the results of such assays, individual peptide bonds which are 
susceptible to proteolysis can be replaced with non-hydrolyzable peptide bonds by in vitro 
synthesis of the peptide. 

15 Many non-hydrolyzable peptide bonds are known in the art, along with procedures for 

synthesis of peptides containing such bonds. Non-hydrolyzable bonds include -CH 2 NH- 
(reduced amide peptide bonds), -OCH 2 - (ketomethylene peptide bonds), -CH(CN)NH- 
((cyanomethylene)amino peptide bonds), -CH 2 CH(OH)- (hydroxyethylene peptide bonds), - 
CH 2 0-, and -CH 2 S- (thiomethylene peptide bonds). 

20 In the inhibitors of the present invention, any one or more than one of the amino acid 

moieties can be a mimetic. Preferably, the mimetic moieties permit the peptide to retain its 
natural conformation, or stabilize a bioactive conformation. One example of methods for 
preparation of nonpeptide mimetic analogs from peptides is described in Nachman et al., 1995. 
Because the non-amino acid constituents of these inhibitors have a large and critical 

25 influence on their inhibitory activity (Example 1), it is believed that mimetic substitutions for 
the amino acid moieties would have little effect on the inhibitory activity of the inhibitors. 

These inhibitors may further comprise constituents conjugated to any of the amino 
acid or mimetic moieties, as may be useful for detection, isolation, or quantitation of the 
inhibitor or its binding partners, such as PKC8. Examples of such constituents include a His-6 

30 moiety, a fluorescent moiety or a radioactive moiety. 

The inhibitor of these embodiments preferably have a PKCa /C 50 <50 uM. The IC 50 
for any of the invention inhibitors can be determined without undue experimentation, for 
example by the methods described in Example 1 . In more preferred embodiments, the inhibitor 
has a PKCa /C 50 <10 (iM; in even more preferred embodiments, the inhibitor has a PKCa 

35 /C 50 <1 |i.M; in the most preferred embodiments, the inhibitor has a PKCa /C 50 <0.1 |xM. 
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It is also preferred that the inhibitor is specific for a PKCoc. As used herein, an 
inhibitor is specific for a PKCa if the inhibitor has an IC 5 o for a PKCoc<0.5 that of any other 
PKC isoform. Preferably, the inhibitor has an /C 50 for a PKCa<0. 1 that of any other PKC 
isoform. More preferably, the inhibitor has an /C 50 for a PKCa<0.01 that of any other PKC 
5 isoform. 

The inhibitors of these embodiments would be expected to have similar inhibitory 
activity for any mammalian PKCa, including a human, a rodent, or a chimeric or otherwise 
novel PKCa. 

In preferred embodiments, the inhibitors comprise, or consist of, 



O 



10 




AcHN-AlaArg ArgGlyDapLeuArgGlnAla-HN(Cr^) 2 SH 




AcHN-AlaArg ArgGlyAla Leu ArgDapAla-HN(d-y 2 SH 





(See Example 1). 

The invention is also directed to inhibitors of protein kinase C5 (PKC5), the inhibitors 
comprise, or consist of, 




As shown in Example 2, these inhibitors are highly specific and have strong inhibitory 
activity for PKCS (IC 50 =18 nM). As with the previous inhibitors, the amino acid constituents 
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of these inhibitors can also be mimetics. Also, these inhibitors may further comprise 
constituents conjugated to any of the amino acid or mimetic moieties, as may be useful for 
detection, isolation, or quantitation of the inhibitor or its binding partners, e.g., PKCS. 

In further embodiments, the invention is directed to inhibitors of protein kinase CC, 
5 (PKCQ. The inhibitors comprise, or consist of, 




OH 



As shown in Example 2, these inhibitors are highly specific and have strong inhibitory 
10 activity for PKC£ (IC 50 =7.5 nM). As with the previous inhibitors, the amino acid constituents 
of these inhibitors can also be mimetics. Also, these inhibitors may further comprise 
constituents conjugated to any of the amino acid or mimetic moieties, as may be useful for 
detection, isolation, or quantitation of the inhibitor or its binding partners, e.g., PKC£. 
Any of the above-described inhibitors can be formulated without undue 
15 experimentation for administration to a mammal, including humans, as appropriate for the 
particular application. Additionally, proper dosages of the inhibitor compositions can be 
determined without undue experimentation using standard dose-response protocols. 

Accordingly, the inhibitor compositions designed for oral, lingual, sublingual, buccal 
and intrabuccal administration can be made without undue experimentation by means well 
20 known in the art, for example with an inert diluent or with an edible carrier. The inhibitor 

compositions may be enclosed in gelatin capsules or compressed into tablets. For the purpose 
of oral therapeutic administration, the inhibitor compositions of the present invention may be 
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incorporated with excipients and used in the form of tablets, troches, capsules, elixirs, 
suspensions, syrups, wafers, chewing gums and the like. 

Tablets, pills, capsules, troches and the like may also contain binders, recipients, 
disintegrating agent, lubricants, sweetening agents, and flavoring agents. Some examples of 
5 binders include microcrystalline cellulose, gum tragacanth or gelatin. Examples of excipients 
include starch or lactose. Some examples of disintegrating agents include alginic acid, corn 
starch and the like. Examples of lubricants include magnesium stearate or potassium stearate. 
An example of a glidant is colloidal silicon dioxide. Some examples of sweetening agents 
include sucrose, saccharin and the like. Examples of flavoring agents include peppermint, 

10 methyl salicylate, orange flavoring and the like. Materials used in preparing these various 
compositions should be pharmaceutical ly pure and nontoxic in the amounts used. 

The inhibitor compositions of the present invention can easily be administered 
parenterally such as for example, by intravenous, intramuscular, intrathecal or subcutaneous 
injection. Parenteral administration can be accomplished by incorporating the inhibitor 

15 compositions into a solution or suspension. Such solutions or suspensions may also include 
sterile diluents such as water for injection, saline solution, fixed oils, polyethylene glycols, 
glycerine, propylene glycol or other synthetic solvents. Parenteral formulations may also 
include antibacterial agents such as for example, benzyl alcohol or methyl parabens, 
antioxidants such as for example, ascorbic acid or sodium bisulfite and chelating agents such 

20 as EDTA. Buffers such as acetates, citrates or phosphates and agents for the adjustment of 
tonicity such as sodium chloride or dextrose may also be added. The parenteral preparation 
can be enclosed in ampules, disposable syringes or multiple dose vials made of glass or plastic. 

Rectal administration includes administering the pharmaceutical inhibitor 
compositions into the rectum or large intestine. This can be accomplished using suppositories 

25 or enemas. Suppository formulations can easily be made by methods known in the art. For 
example, suppository formulations can be prepared by heating glycerin to about 120° C, 
dissolving the inhibitor composition in the glycerin, mixing the heated glycerin after which 
purified water may be added, and pouring the hot mixture into a suppository mold. 

Transdermal administration includes percutaneous absorption of the inhibitor 

30 composition through the skin. Transdermal formulations include patches (such as the well- 
known nicotine patch), ointments, creams, gels, salves and the like. 

The present invention includes nasally administering to the mammal a therapeutically 
effective amount of the composition. As used herein, nasally administering or nasal 
administration includes administering the inhibitor composition to the mucous membranes of 

35 the nasal passage or nasal cavity of the patient. As used herein, pharmaceutical compositions 
for nasal administration of an inhibitor composition include therapeutically effective amounts 
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of the composition prepared by well-known methods to be administered, for example, as a 
nasal spray, nasal drop, suspension, gel, ointment, cream or powder. Administration of the 
inhibitor composition may also take place using a nasal tampon or nasal sponge. 

The above-identified protein kinase inhibitors were discovered using novel 
5 combinatorial libraries. These combinatorial libraries have the advantage of not requiring 
information about the structure of the active site of the enzyme. 

Thus, the invention is also directed to combinatorial libraries useful for identifying an 
inhibitor of a protein kinase. The combinatorial libraries comprise a plurality of compounds, 
each compound comprising the following elements: 
10 - a consensus sequence for a substrate of the protein kinase, the consensus sequence 

comprising at least five amino acids or mimetics, wherein at least one amino acid or mimetic is 
not essential to substrate binding, and wherein an amino acid or mimetic not subject to 
phosphorylation substitutes a canonical Ser or Thr target residue in the consensus sequence; 
and 

15 - a chemical moiety covalently bound to the compound at the at least one non-essential 

amino acid or mimetic in the consensus sequence and/or the amino acid or mimetic not subject 
to phosphorylation substituting the canonical Ser or Thr target residue. Each of the 
compounds in the combinatorial library comprises a different chemical moiety. 

In preferred embodiments, the non-essential amino acid or mimetic and/or the amino 

20 acid or mimetic substituting a canonical Ser or Thr target residue is a diaminopropionic acid 
(Dap), because the various chemical moieties conjugated to the compound can be easily 
conjugated thereto, for example using a carboxyl or aldehyde derivative of the chemical 
moiety, which can be conjugated to the free amino group of the Dap by known methods. 
However, other compounds can substitute for the non-essential amino acid and/or the amino 

25 acid or mimetic substituting a canonical Ser or Thr target residue, preferably compounds that 
allow convenient conjugation of the chemical moieties thereto. 

In some embodiments, the chemical moiety conjugated to each compound is a 
carboxylic acid. See Example 1. Such carboxylic acids can, for example, be selected from any 
one of the carboxylic acids provided in FIG. 4. 

30 In other embodiments, the chemical moiety conjugated to each compound is an 

aldehyde. See Example 2. Such aldehydes can, for example be selected from any of the 
aldehydes provided in FIG. 5. 

Two or more chemical moieties can be conjugated to the consensus sequence portion 
of the compound. See, e.g., the above-described inhibitors for PKC8 and PKC^, which contain 

35 one chemical moiety from a carboxylic acid and one from an aldehyde. 
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The chemical moieties are selected to add a diverse range of shapes and charges to the 
consensus sequence. For example, conjugating the carboxylic acid moiety to the consensus 
sequence to a Dap results in an amide bond, which is neutral under physiological conditions. 
By contrast, with aldehydes one obtains an alkylated amine, which is positively charged under 
5 physiological conditions. 

The amino acid or mimetic not subject to phosphorylation that substitutes a canonical 
Ser or Thr target residue in the consensus sequence can comprise any amino acid or mimetic, 
whether natural or artificial. In preferred embodiments, this amino acid or mimetic is a Dap or 
an Ala. 

10 These combinatorial libraries can be used to identify an inhibitor of any protein kinase 

from any species, including any eukaryote or virus. Preferably, the protein kinase is a 
mammalian protein kinase, such as a human protein kinase. Included are any types of protein 
kinases, such as serine/threonine-specific protein kinases (phosphorylase kinase, protein kinase 
A, protein kinase C, Ca 2+ /calmodulin -dependent protein kinase, MAP kinase, and Mos/Raf 

15 kinase), tyrosine-specific protein kinases such as receptor tyrosine kinase, histidine-specific 
protein kinases, and aspartic acid/glutamic acid-specific protein kinases. In preferred 
embodiments, the protein kinase is a protein kinase C (PKC). 

In some of these embodiments, the PKC is PKCoc. Where the PKC is PKCa, a 
preferred consensus sequence comprises LysGlySerHyd(Arg/Lys), where Hyd is Phe, Leu or 

20 He. In those embodiments, a preferred consensus sequence having an Ala substituting for the 
canonical Ser or Thr target residue is AlaArgArgGlyAlaLeuArgGlnAla. 

In other embodiments, the protein kinase is PKCpI and the consensus sequence 
comprises ArgLysGlySerPheLys; the protein kinase is PKCfjll and the consensus sequence 
comprises ArgLysGlySerPheLys; the protein kinase is PKCy and the consensus sequence 

25 comprises ArgLysGlySerPheLys; the protein kinase is PKC5 and the consensus sequence 
comprises (Lys/Gln)GlySerPhe(Phe/Met); the protein kinase is PKCe and the consensus 
sequence is Lys(Met/Lys)Ser(Phe/Ala)(Glu/Tyr/Asp/Phe); the protein kinase is PKCt| and the 
consensus sequence is ArgArgSerPheArgArg; the protein kinase is PKC£ and the consensus 
sequence is (Arg/Gln/Lys/Glu)(Met/Gly)Ser(Phe/Met)(Phe/Met); or the protein kinase is 

30 PKCjx and the consensus sequence is (Gln/Lys/Glu/Met)MetSer(Val/Met/Leu)(Ala/Met/Val). 

In preferred embodiments, the combinatorial library comprises at least 10 compounds. 
More preferably, the combinatorial library comprises at least 50, or 100, or 200, or 300, or 400, 
or 500 compounds. 

The invention is also directed to methods of identifying an inhibitor of a protein 
35 kinase. The methods comprise creating a combinatorial library as described above for the 
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protein kinase, screening the compounds in the combinatorial library for inhibitory activity of 
the protein kinase, and identifying any compounds in the combinatorial library that are 
inhibitors of the protein kinase. 

These methods can be used to identify an inhibitor of any eukaryotic or viral protein 
5 kinase now known or later discovered, including any mammalian, plant, insect, or protist 
protein kinase. 

In preferred embodiments of these methods, two combinatorial libraries are created 
and screened for inhibitory activity. The first combinatorial library is created and used to 
identify a lead compound with some inhibitory activity. The second library is then created 
10 where all members have the chemical moiety of the lead compound and additional chemical 
moieties. As shown in Examples 1 and 2, this strategy can be successful in identifying potent 
inhibitors with high specificity. 

The screening method can utilize any procedure known in the art for measuring 
inhibitory activity for the particular protein kinase. See, e.g., Example 1 . The screening 
15 methods can also include a determination of the specificity of the inhibitory activity for any 
isoform of the protein kinase target, or for any other enzyme or bioactive compound. In 
preferred embodiments, specificity determinations are performed only on compounds that 
show sufficient inhibitory activity for the target protein kinase. 

With these methods, the compounds can be screened separately. Alternatively, more 
20 than one inhibitor can be initially screened together, e.g., in batches, then the individual 
compounds from any batch that shows inhibitory activity are further tested. 

Any of these methods can be adapted to automated or robotic procedures. 
In preferred embodiments of these methods, the protein kinase is a protein kinase C 
(PKC), for example PKCcc, a PKCS, or a PKC£. 
25 Protein kinases are known to be involved in various deleterious conditions, for 

example, various cancers, various cardiovascular diseases, type 2 diabetes, 
agammaglobulinaemia, reperfusion injury, Alzheimer's disease, various neurological and 
neurodegenerative diseases, chemotherapy-induced alopecia, arthritis, various autoimmune 
diseases, various inflammatory diseases, allergies, asthma and viral virulence (Inagaki et al., 
30 2003; Wang et al., 2003; Lahn et al., 2003, 2004; Neid et al. 2003; Vetrie et al., 1993; Stenberg 
et al., 2000; Munger and Roizman, 2001; U.S. Patent Nos. 6,248,559; 6,214,852; 6,660,731). 
Therefore, the administration of inhibitors described herein to mammals having or at risk for 
such deleterious conditions would be expected to be useful treatments for those conditions. 

Thus, the present invention is additionally directed to methods of treating a deleterious 
35 condition in a mammal, where the condition is dependent on a protein kinase for induction or 
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se verity. The methods comprise contacting the mammal with an inhibitor of the protein kinase 
found by the above-described methods of identifying an inhibitor of the protein kinase. 

In preferred embodiments of these methods, the protein kinase is a protein kinase C 
(PKC). Where the protein kinase is PKCoc, the preferred inhibitor comprises 
5 A-Ala-Arg-Arg-X-B-Hyd-C-D-, where A- =AcHN-, 




H 



X=any amino acid or amino acid mimetic; B=Ala or a diaminopropionic acid (Dap) derivative 
10 having the formula 




Hyd=Phe, Leu or He; C=Arg or Lys; and D=Ala or a Dap derivative having the formula 




15 wherein any of the amino acids can alternatively be an analogous amino acid mimetic. 
Preferred examples of such inhibitors are 




10 and 
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OH 



In any of these embodiments, the inhibitor is preferably in a pharmaceutical^ 
acceptable excipient, as previously described. 

The deleterious condition can be any condition that is dependent on a protein kinase 
5 for induction or severity. Preferred examples include cancer, cardiovascular disease, type 2 
diabetes, agammaglobulinaemia, reperfusion injury, Alzheimer's disease, neurological or 
neurodegenerative disease, chemotherapy-induced alopecia, arthritis, autoimmune disease, 
inflammatory disease, allergies, asthma and viral virulence. In more preferred embodiments, 
the deleterious condition is a cancer, a cardiovascular disease, or type 2 diabetes. 
10 These methods are useful for treatment of any mammal, for example a rodent or a 

human. 

The present invention is also directed to methods of inhibiting a protein kinase. The 
methods comprise contacting the protein kinase with an inhibitor of the protein kinase 
identified by the methods of identifying an inhibitor of a protein kinase described above. 

15 These methods could be used to inhibit a protein kinase that is isolated, or, preferably, in a 

living mammalian cell. Where the protein kinase is in a living cell, the cell can be in culture or 
in a living mammal, such as a rodent or a human. Such a mammal can additionally have a 
deleterious condition that is dependent on the protein kinase for induction or severity. As 
discussed above, such deleterious conditions include various cancers, various cardiovascular 

20 diseases, type 2 diabetes, agammaglobulinaemia, reperfusion injury, Alzheimer's disease, 

various neurological and neurodegenerative diseases, chemotherapy-induced alopecia, arthritis, 
various autoimmune diseases, various inflammatory diseases, allergies, asthma and viral 
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virulence. include cancer, heart disease or type 2 diabetes. In more preferred embodiments, 
the deleterious condition is a cancer, a cardiovascular disease, or type 2 diabetes. 

In preferred embodiments, the protein kinase is a protein kinase C (PKC). Where the 
protein kinase is PKCa, the inhibitor preferably comprises 
5 A-Ala-Arg-Arg-X-B-Hyd-C-D-, where A- =AcHN-, 




10 X=any amino acid or amino acid mimetic; B=Ala or a diaminopropionic acid (Dap) derivative 
having the formula 




Hyd=Phe, Leu or He; C=Arg or Lys; and D=Ala or a Dap derivative having the formula 




15 



wherein any of the amino acids can alternatively be an analogous amino acid mimetic. 
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Where the protein kinase is PKC^, the inhibitor is preferably 
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OH 



In additional embodiments, the invention is directed to the use of an inhibitor of a 
protein kinase in the manufacture of a medicament for the treatment of a deleterious condition 
5 in a mammal that is dependent on a protein kinase for induction or severity. The treatment 
comprises contacting the mammal with an inhibitor of the protein kinase identified by the 
methods of identifying an inhibitor of a protein kinase described above. 

Preferred embodiments of the invention are described in the following examples. 
10 Other embodiments within the scope of the claims herein will be apparent to one skilled in the 
art from consideration of the specification or practice of the invention as disclosed herein. It is 
intended that the specification, together with the examples, be considered exemplary only, with 
the scope and spirit of the invention being indicated by the claims which follow the examples. 

15 Example 1 . Inhibitors of Protein Kinase Coc and Methods of Identifying Those Inhibitors 
Example Summary 

A potent and highly selective inhibitor of protein kinase Ca has been generated via the 
combinatorial modification of a consensus sequence peptide. The inhibitor displays a K { of 
800 pM versus variable peptide substrate and good selectivity versus other members of the 
20 PKC family, including PKCp" (385-fold), PKCy (580-fold), PKC8 (2730-fold); PKCe (600- 
fold), PKCn, (1310-fold), PKC6 (1210-fold), PKCi (940-fold), and PKC£ (640-fold). The 
parallel synthesis strategy employed is easily automated and straightforward to implement. 
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Introduction 

We describe herein a library-based strategy that transforms consensus sequences into 
high affinity ligands in the absence of any tertiary structural information of the protein target. 
We chose PKCa for our initial studies, an enzyme that is a recognized chemotherapeutic target 
5 for several malignant disorders (Nakashima, 2002). The structure of PKCa is not known. A 
variety of peptide-based inhibitors have been described, the very best of which display /C 50 or 
Ki values in the high nM to low (xM range, usually using PKC mixtures (Borowski et al., 2000; 
Ward et al., 1995; Eichholtz et al., 1993; O'Brian and Ward, 1989; Ricouart et al., 1989; Charp 
et al., 1988; House and Kemp, 1987). The consensus substrate sequence for PKCa is -Arg- 

10 Arg-Lys-Gly-Ser-Hyd-Arg- (where Hyd = Phe/Leu/Ile/) (Nishikawa et al., 1997). We designed 
the closely analogous nonphosphorylatable peptide Ala-Arg-Arg-Gly-AIa-Leu-Arg-Gln-Ala, in 
which the Ser residue is replaced by Ala. Previous studies have demonstrated that the Arg 
residues and the hydrophobic amino acid at P-l promote PKCa recognition (Nishikawa et al., 
1997). Consequently, these critical residues were retained and we sought to identify high 

15 affinity replacements for presumed nonessential residues or regions on the consensus peptide. 
In the absence of the 3-dimensional structure of the target protein, three distinct sites on the 
peptide framework were chosen for the introduction of molecular diversity (libraries I - III 
[FIG. 1]). For example, a peptide containing (L)-2,3-diaminopropionic acid (Dap) at the 
former Ala position was synthesized, distributed in equal amounts to individual wells of eight 

20 96 well plates, and then acylated with one of 720 different carboxylic acids to create library II. 
Analogous libraries I and III were constructed as well. Following Dap acylation, the side 
chain protecting groups were removed with trifluoroacetic acid and the peptide then cleaved 
from the resin with assay buffer (which contains dithiothreitol). The peptide solutions were 
filtered into deep well plates, stored, and subsequently evaluated for inhibitory potency using a 

25 previously described radioactive assay (See Materials and Methods). 

Leads (1 - 3) from the three libraries are depicted in FIG. 2. All three compounds 
display several orders of magnitude improvement in inhibitory efficacy relative to the 
diacetylated control peptide 4 (Table 1). Interestingly, the best leads from libraries II 
(Coumpound 2, Table 1) and III (Compound 3) contain the same substituent, a 4-pyrrole 

30 phenylacyl moiety. The latter result suggests that PKCa possesses a binding pocket that 

displays a special affinity for this substituent. Given the weak inhibitory activity displayed by 
peptide 4, it is likely that the peptide backbones of 2 and 3 are not rigidly held by the PKCa 
surface, but rather assume unique enzyme-bound conformations that promote insertion of the 
4-pyrrole phenylacyl into a high affinity pocket. Indeed, peptide 5, which contains the three 

35 substituents identified from libraries I, II, and III, displays an inhibitory potency similar to 
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that of the individual peptide leads 2 and 3. This result is consistent with the notion that there 
exists a single 4-pyrrole phenylacyl docking site within the substrate-binding region of PKCa. 
This result also highlights one of the potential pitfalls associated with combining, in a single 
molecule, lead substituents obtained independently of one another. 



Compound 


/C 50 (u-M) 


K- t (|iM) 


1 


10.4 ±2.1 . 


not determined 


2 


5.7 ±0.4 


not determined 


3 


4.7 ±0.8 


0.55 ± 0.07 


4 


1100 ±210 


350 ± 80 


5 


3.1 ±0.7 


not determined 


6 


0.0019 ±0.0002 


0.00080 ± 0.00025 



5 



Table 1. PKCa inhibitory potencies of compounds 1-6. K, values were obtained by varying 
peptide substrate concentration. 

The ATP binding pocket of PKCa is known to accommodate an array of hydrophobic 
10 heterocyclic compounds and could very well serve as the binding site for the pyrrole 

phenylacyl moiety. We examined this possibility by obtaining the inhibition patterns for 
peptide 3 (and the diacetylated control peptide 4). Compound 3 is a competitive inhibitor 
versus variable peptide substrate (data not shown), but serves as an uncompetitive inhibitor 
with respect to ATP (FIG. 3). Since ATP and 3 do not act on PKCa in a mutually exclusive 
15 fashion, this suggests that the 4-pyrrole phenylacyl moiety binds to a subsite other than the 

ATP pocket. The advantage associated with this behavior is that the high intracellular levels of 
ATP will not curtail the inhibitory potency of 3 (Lawrence and Niu, 1998). 

The 4-pyrrole phenylacyl group in 3 enhances inhibitory activity by 3 orders of 
magnitude relative to 4. Furthermore, peptide 3 surpasses the inhibitory potency displayed by 
20 some of the most powerful peptide-based active site-directed inhibitors of PKC, including the 
33 amino acid-containing defensins (Charp et al., 1988). Nevertheless, we decided to explore 
whether an even more potent inhibitor of PKCa could be identified by taking advantage of one 
of the features inherent within the strategy outlined in FIG. 1 . With the acquisition of a lead 
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substituent at one position in the active site-directed inhibitor (e.g. 3), it should be possible to 
employ this substituent as a biasing element in the search for affinity enhancing moieties at 
other sites on the peptide chain. We chose the 4-pyrrole phenylacyl moiety from peptide 3 as 
the biasing substituent and prepared sublibrary IV, which contains diversity elements 
5 positioned at the N-terminus. The primary lead 6 was identified from library IV and, as with 
leads 1-3, resynthesized and enzymologically characterized. Compound 6 displays a K, of 
800 pM, approximately 3 orders of magnitude more potent than compound 3 and 6 orders of 
magnitude more potent than the starting parent peptide 4. To the best of our knowledge, 
compound 6 is the most powerful protein binding site-directed inhibitor ever reported for a 
10 protein kinase. 

PKCoc belongs to a family of closely related protein kinases (PKCs) (Way et al., 2000; 
Hofmann, 1997). The high sequence homology displayed by the PKC family members has 
rendered acquisition of isoform-selective inhibitory agents exceedingly difficult (Way et al., 
2000; Hofmann, 1997). Indeed, as far as we are aware, a potent PKCa-selective inhibitor has 

15 not been reported. Although the leads identified in libraries I, II, and III display a less than 3- 
fold selectivity for PKCoc versus other PKC isoforms (data not shown), extraordinary 
selectivity is observed with the secondary library lead 6. The latter exhibits a profound 
preference for PKCoc versus its closely related conventional PKCp (385-fold) and PKCy (580- 
fold) counterparts. Higher selectivities are observed versus the more distantly related novel 

20 (PKCS: 2730-fold; PKCe: 600-fold; PKCr|: 1310-fold; PKC0: 1210-fold) and atypical (PKCi: 
940-fold; PKC£; 640-fold) subfamilies. These results suggest that the N-terminal substituent 
in 6 accesses a structurally distinct subsite unique to PKCoc. 

In summary, we have identified an extraordinarily potent and highly selective PKCoc 
inhibitor via the stepwise combinatorial modification of a consensus sequence scaffold. The 

25 inhibitory agent exhibits an uncompetitive inhibition versus ATP, thereby suggesting that the 
intracellular effectiveness of 3 (or 6) will not be curtailed by the high levels of ATP present in 
living cells. 

Materials and Methods 

Materials and Chemicals were obtained from Aldrich, except for piperidine, protected 

30 amino acids, l-hydroxybenzotriazole (HOBt), benzotriazole-l-yloxytris- 

pyrrolidinophosphonium hexafluorophosphate (PyBOP), N,N,N',N'-tetramethyl- 
(succinimido)uranium tetrafluoroborate (TSTU), and TentaGel resin, which were obtained 
from Advanced Chemtech and Bachem. PKC enzymes were purchased from Pan Vera. 
Unifilter plates were obtained from Whatman. Solvent-resistant MultiScreen 96-well filter 

35 plates and the Multiscreen 96-well fllterplate vacuum manifold were purchased from Millipore 
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Corp. 

Peptide Synthesis. All peptides were synthesized on an Advanced Chemtech Model 90 
Tabletop Peptide Synthesizer using a standard 9-fluorenylmethoxycarbonyl (Fmoc) solid-phase 
peptide synthesis protocol. Crude peptides were purified on a preparative HPLC column using 
5 three Waters radial compression modules (25 x 10 cm) connected in series. Purified peptides 
were further characterized by mass spectrometry. 

Synthesis of Peptide Libraries I, II and TTT TentaGel S COOH (90 u^m, 5 g, 0.2 
mmol/g) was added to TSTU (5.0 eq, 0.53 g) in 200 mL of DMF and was shaken I h at ambient 
temperature. Cystamine dihydrochloride (10 eq, 2.25 g) and N-methylmorpholine (NMM; 20 

10 eq, 2.02 g) in 200 mL of H 2 0 were added to this solution and subsequently shaken overnight at 
ambient temperature. The free amine substitution level was determined to be 0.025 mmol/g. 
This low substitution level is ideal for our purposes since this not only ensures a higher 
coupling yield but, in addition, larger quantities of resin (with greater weight accuracy) can be 
subsequently introduced into the 96-well plates. The peptide libraries I, II, and III were 

15 synthesized on the cystamine-substituted TentaGel resin using a Fmoc solid-phase peptide 
synthesis protocol. After deprotection of the amino terminal Fmoc (for library I) or NH-r- 
butyloxycarbonyl group (tBoc; for libraries II and III), the resin was extensively washed and 
subsequently dried in vacuo. The peptide-bound resin was distributed in 5-mg quantities into 
each well of solvent-resistant 96-well filter plates. In addition, each well contained a 

20 carboxylic acid-containing compound (400 eq, 20 u.mol), PyBOP (200 eq), HOBt (200 eq), and 
NMM (1,000 eq) in 50 u.L of DMF. A total of 720 different carboxylic acids (each dissolved 
in DMF and added in 100 ^L quantities) were employed. The plates were shaken overnight, 
and then each well subjected to a series of wash steps (3 x 200 ^L of DMF, 3 x200 yiL of 
isopropyl alcohol, and 3 x 200 u.L of CH 2 Cl 2 ). The NH-4-methoxy-2,3,6-trimethylbenzene- 

25 sulfonyl (Mtr) side chain protecting groups were cleaved with trifluoroacetic acid 

(TFA):thioanisole (95:5) at ambient temperature. The peptide-nonpeptide conjugates were 
cleaved from the disulfide-containing resin with 10 mM dithiothreitol (DTT) in 50 mM Tris, 
pH 7.5 (1 x 200 (iL for 1 h and 2 x 150 u.L for 1 h each) and filtered into a receiving set of 96- 
well plates using the vacuum manifold (final volume of 500 ^iL). The efficiency of acid 

30 coupling, peptide cleavage from the resin with DTT solution, and purity of peptide-nonpeptide 
conjugates was assessed via the ninhydrin test and HPLC. No free A'-terminal peptide was 
detected, and >90% of total ligand was cleaved from the resin with first the DTT wash step. 
The final two DTT washings removed the residual resin-bound peptide. Compound purity was 
>90% as assessed by HPLC, and the HPLC-purified compounds (i.e. removal of Tris buffer 

35 and DTT) were characterized by matrix-assisted laser desorption ionization mass spectrometry. 
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Svnthesis of Peptide Library IV. The side chain protected peptide resin Fmoc-Ala- 
Arg-Arg-Gly-Ala-Leu-Arg-Dap-Ala-NH(CH 2 )2SS(CH 2 ) 2 NH-TentaGel was synthesized as 
described above for libraries I - III. The Boc group on the Dap side chain was removed with 
TFA:CH 2 C1 2 1:1 and subsequently acylated with 4-( lH-pyrol-l-yl)benzoic acid. The N- 
5 terminal Fmoc group was removed and the resin-bound peptide distributed in 5 mg quantities 
into each well of solvent-resistant 96-well filter plates. In addition, each well contained a 
carboxylic acid-containing compound (400 eq, 20 ^mol), PyBOP (200 eq), HOBt (200 eq\ and 
NMM (1,000 eq) in 50 u,L of DMF. A total of 720 different carboxylic acids (each dissolved 
in DMF and added in 100 uX quantities) were employed. The plates were shaken overnight, 
10 and then each well subjected to a series of wash steps (3 x 200 uX of DMF, 3 x200 uX of 
isopropyl alcohol, and 3 x 200 uX of CH 2 C1 2 ). The Mtr side chains were removed and the 
peptides cleaved from the resin as described in the protocol for the synthesis of libraries I - 
III. 

Peptide 3. The peptide was resynthesized using the protocol described above for 
15 library III with the exception that Arg-Pbf (2,2,4,6,7-pentamethyldihydrobenzofuran-5- 
sulfonyl) was used in place of Arg-Mtr. The Pbf protecting groups were removed via 
treatment with TFA:triisopropylsilane (TIS):H 2 0 (95:2.5:2.5) for 2 - 3 hr. The deprotected 
peptide was subsequently released from the resin using the DTT cocktail described for library 
III. 

20 'H NMR (D 2 0): 87.96-7.99 (d, J = 8.71 Hz, 2H), 7.74-7.77 (d, J = 8.78 Hz, 2H), 7.48- 

7.50 (dd, J = 2.20, J = 2.20 Hz, 2H), 6.55-6.57 (dd, J= 2.1 1 Hz, J = 2.1 1 Hz, 2H), 4.38-4.42 
(m, 8H), 4.01 (s, 2H), 3.94-4.02 (m, 2H), 3.82-3.85 (m, 2H), 3.45 (m, 2H), 3.26-3.31 (m, 4H), 
3.15-3.18 (m, 2H),2.71 (m, 2H), 2.12 (s, 3H), 1.87-1.91 (m, 6H), 1.67-1.73 (m, 8H), 1.44-1.52 
(m, 8H), 0.94-0.96 (d, J = 5.97 Hz, 3H), and 0.89-0.91 (d, J = 5.97 Hz, 3H); ESIMS m/z 

25 calculated for C 5 3H 87 N 2l O n S 1226.6, 1227.6, 1228.6 (MH + ), Found m/z 1226.6, 1227.5, 
1228.4. 

Peptide 4. The side chain protected peptide resin Fmoc-Ala-Arg-Arg-Gly-Ala-Leu- 
Arg-Dap-Ala-NH-Rink resin was synthesized using the protocol described above for library III 
using Rink SS resin instead of TentaGel S COOH. The deprotected peptide was subsequently 
30 released from the resin using a TFA/TMSBr/ethanedithiol/m-cresol/thioanisole cocktail (v/v 
70: 1 3:5: 1 : 1 1 ) for 1 5 min under a blanket of N 2 at 0 °C. 

ESIMS m/z calculated for C 4 3H 79 N 19 0„ 1038.6, 1039.6, 1040.6 (MH + ), Found m/z 
1038.9, 1039.9, 1040.9. 

Peptide 6. The peptide was resynthesized using the protocol described above for 
35 library IV with the exception that Arg-Pbf was used in place of Arg-Mtr. The Pbf protecting 
groups were removed via treatment with TFA:TIS:H 2 Q (95:2.5:2.5) for 2 - 3 hr. The 
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deprotected peptide was subsequently released from the resin using the DTT cocktail described 
for library IV. 

'H NMR (D 2 0): 57.95 (d, J = 8.74 Hz, 2H), 7.70-7.78 (m, 3H), 7.53-7.60 (m, 4H), 
7.44-7.49 (m, 2H), 6.79 (d, J = 8.74 Hz, 1H), 4.38-4.42 (m, 8H), 3.67-3.98 (m, 29H), 3.42-3.49 
5 (m, 3H), 3.09-3.40 (m, 6H), 2.65-2.72 (m, 2H), 1.47-1.91 (m, 24H), 0.89-0.98 (m, 6H); ES1MS 
calculated for C 59 H 89 N 2l O,,SCl 2 /w/z 1370.6, 1371.6, 1372.6, 1373.6, 1374.6, 1375.6, 1376.6 
(MH 1 ), Found m/z 1370.8, 1371.8, 1372.8, 1373.7, 1374.8, 1375.9, 1376.7. 

Protein Kinase C Assay (general). The peptides Ac-Ser-Phe-Arg-Arg-Arg-NH 2 (for 
PKC a, (3 and y) and acetyl-Pro-Arg-Lys-Arg-Glu-Gly-Ser-Val-Arg-Arg-Arg-NH 2 (for PKC e 

10 and £) were used as substrates. The K m values for these peptides are 15 uM (PKCot) and 5.9 
\\M (PKCe), respectively, whereas the values are 0.526 nmol/min-mg (PKCcc) and 1 .445 
Hmol/min-mg (PKCe), respectively. 

Protein Kinase Ca Assay (library screening). 20 u.L of 37.5 uM peptide inhibitor 
candidate (from each well of libraries I, II, III, and IV) was added to each well of 96 

15 multiwell assay plates containing 20 piL assay buffer [62.5 mM HEPES (pH 7.5), 50 \iM Ac- 
Ser-Phe-Arg-Arg-Arg-NH 2 , 2.0 mM CaCI 2 2H 2 0, 34 mM MgCl 2 6H 2 0, 1.4 mM EGTANa, 
phosphatidylserine (225 (xg/mL), diacylglycerol (40 ng/mL) and 313 uM cold ATP 
supplemented with 70 - 163 uCi/well [Y~ 33 P]ATP for radioactive detection]. 10 |xL enzyme 
diluted buffer containing 20 mM Tris (pH 7.5), PKC (0.5 ng/uL), 1 mM DTT, BSA (730 

20 jig/mL) and 1 mM EDTA4Na2H z O were added last to initiate the reaction. Total reaction 
volume was 50 uL. After a 10-min incubation at 30 °C, 100 \iL of 6% phosphoric acid was 
added to each well to stop the reaction (total volume: 150 jxL). Following an additional 5 min 
incubation at ambient temperature, 75 |xL from each reaction well was transferred into each 
well of a Unifilter (P8 1 cellulose phosphate paper) assay plate and washed four times with 

25 0.1 % phosphoric acid in water. Scintillation solution was added to each well and 33 P- 

incorporation measured by scintillation counting with a MicroBeta™ TriLux & MicroBeta JET 
(Perkin Elmer). /C 50 values were calculated using GraFit (Erithacus Software Limited) and K\ 
values were calculated using Enzyme Kinetics, SigmaPlot (SPSS Inc.) 

PKCe and C Assay (ICsn determinations). 20 (xL of 37.5 uM peptide library was added 

30 in 20 (iL assay buffer containing 62.5 mM HEPES (pH 7.5), 1 M MgCl 2 6H 2 0, 40 mM 

EGTA Na, PS (10 mg/mL) and 295 uM cold ATP supplemented with 70- 163 (iCi/well [y 
33 P]ATP for radioactive detection. 10 [iL enzyme diluted buffer containing 10 mM HEPES (pH 
7.5), 10 mM DTT, BSA(3.8 mg/mL), 10 mM EDTA 4Na 2H 2 0 and PKC (20 ng/uL) were 
added last to this buffer. Reactions were carried out as described above for the Protein Kinase 

35 Ca assay. 
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Protein Kinase Ca Assay (K determination for peptides 3 and 4 versus variable Ac- 
Ser-Phe-Arg-Arg-Arg-NFE substrate). 20 u.L of peptide 3 (concentrations = 0, 1.25, 2.5, 5 and 
10 u,M) was added to a 20 uE assay buffer containing 62.5 mM HEPES (pH 7.5), peptide 
substrate (concentrations = 10, 20, 40 and 80 u,M), 2.0 mM CaCl 2 2H 2 0, 34 mM MgCl 2 6H 2 0, 

5 1 .4 mM EGTANa, phosphatidylserine (225 (ig/mL), diacylglycerol (40 ng/mL), and 3 1 3 u.M 
cold ATP supplemented with 70-163 uGi/well [y 33 P]ATP for radioactive detection. 10 uE 
enzyme diluted buffer containing 20 mM Tris (pH 7.5), PKC (0.5 ng/uE), 1 mM DTT, BSA 
(730 ng/mL) and 1 mM EDTA4Na2H 2 0 were added to initiate the reaction. Subsequent 
assay workup and scintillation counting were performed as described under "Protein Kinase C 

10 a, P and y Assay (library screening)". An analogous protocol was employed for peptide 4 
versus variable [Ac-Ser-Phe-Arg-Arg-Arg-NH 2 ]. 

Protein Kinase Ca Assay (K determination for peptides 3 and 4 versus variable ATP). 
20 \iL of peptide 3 (concentrations = 0, 1 .25, 2.5, 5 and 10 uM) was added to a 20 uE assay 
buffer containing 62.5 mM HEPES (pH 7.5), 50 uM peptide substrate, 2.0 mM CaCl 2 2H 2 0, 34 

15 mM MgCl 2 6H 2 0, 1.4 mM EGTANa, phosphatidylserine (225 |ig/mL), diacylglycerol (40 
Hg/mL), and cold ATP (concentrations = 10, 12.5, 16.5, 25 and 50 uM each) supplemented 
with 7-16 uGi/well [y' 33 P]ATP for radioactive detection. 10 uE enzyme diluted buffer 
containing 20 mM Tris (pH 7.5), PKC (0.5 ng/uE), 1 mM DTT, BSA (730 ng/mL) and 1 mM 
EDTA4Na2H 2 0 were added to initiate the reaction. Subsequent assay workup and 

20 scintillation counting were performed as described under "Protein Kinase C a, (3 and y Assay 
(library screening)". An analogous protocol was employed for peptide 4 versus variable 
[ATP]. 

Protein Kinase Ca Assay (K determination for peptide 6 versus variable Ac-Ser-Phe- 
Arg- Arg- Arg-NH^substrate) . The assay was conducted as described above for peptide 3 versus 

25 variable peptide substrate with the exception that the enzyme solution contained a ten-fold 
lower concentration of PKCa (0.05 ng/uE). The reaction was initiated as described above. 
After an 18-min incubation at 30 °C, 100 uE of 6% phosphoric acid was added to each well to 
stop the reaction (total volume: 150 uE). Following an additional 5 min incubation at ambient 
temperature, 75 uE from each reaction well was transferred into each well of a Unifilter (P81 

30 cellulose phosphate paper) assay plate and washed four times with 0.1% phosphoric acid in 
water. Scintillation solution was added to each well and 33 P-incorporation measured by 
scintillation counting with a MicroBeta™ TriLux & MicroBeta JET (Perkin Elmer). /C 50 
values were calculated using GraFit (Erithacus Software Limited) and K, values were 
calculated using Enzyme Kinetics, SigmaPlot (SPSS Inc.) 
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Protein Kinase Ca Assay (IC™ determination for peptide 6 versus histone HI-S 
substrate). 20 uE assay buffer solution containing 62.5 mM Hepes (pH 7.5), CaCl 2 .2H 2 0 
(1.88 mM), MgCl 2 .6H 2 0 (31.3 mM), EGTA.Na (1.3 mM), PS (450 ug/mL), DAG 40 jig/mL, 
cold ATP (313 uM), supplemented with 70-163 uCi/well [ 33 P]ATP for radioactive detection 
5 with 625 nM histone III-S as substrate were added to 20 uE of a solution containing peptide 6 
at various concentrations (4, 8, 16, 32, 64, 128, 256, 512 nM). 10 uL enzyme buffer solution 
containing 20 mM Tris (pH 7.5), PKCa (0.05 ng/uE), 1 mM DTT, BSA (730 u.g/ mL), and 
EDTA.4Na.2H 2 0 (1 mM) were added to start the reaction. After an 18 min incubation at 30 
°C, 100 uE of 6% phosphoric acid was added to quench the reaction at room temperature. The 

10 resulting volume in each individual well is 150 uE. Following an additional 5 min incubation, 
75 uL from each well was transferred to Unifilter P81 cellulose phosphate paper and washed 
with 0.1 % phosphoric acid (3 x 200 uE) and water (200 uL). Scintillation solution was added 
to each well and 33 P incorporation measured by scintillation counting with MicroBeta™ 
TriLux & MicroBeta JET (Perkin Elmer). The IC S0 value for compound 6 as an inhibitor of 

15 histone ITJ-S phosphorylation was found to be 31 .7 ± 0.8 nM as calculated using GraFit 
(Erithacus Software Limited). 

Fluorescein-labeled Peptide 7. Peptide 3 (3.67 mg, 3.0 mmol) and 5- 
iodoacetamidofluorescein (3.09 mg, 6.0 mmol) were added to 2 mL of Tris buffer (100 mM, 
pH 7.5) and subsequently shaken overnight at ambient temperature in the dark. 

20 'H NMR (D 2 0): 87.96 (s, 1H), 7.61-7.52 (m, 3H), 7.18-7.16 (m, 2H), 7.00 (s, 1.5H), 6.75-6.54 
(m, 8H), 6.20 (s, 1.5H), 4.23-4.1 1 (m, 6H), 3.80 (m, 2H), 3.65 (s, 2H), 3.54-3.51 (m, 4H), 3.50- 
3.41 (m, 4H), 3.04-2.93 (m, 6H), 2.76-2.72 (m, 2H), 1.92 (s, 3H), 1.69-1.65 (m, 5H), 1.47-1.43 
(m, 8H), 1 .26-1 .09 (m, 9H), and 0.62-0.65 (m, 6H); ESIMS m/z calculated for C 75 H,ooN 22 0, 7 S 
1612.7, 1613.7, 1614.7 (MH + ), Found m/z 1612.5, 1613.5, 1614.5 

25 Determination of Kn Values. The K D value for the fluorescein-labeled peptide 

7/PKCoc complex was determined via equilibrium dialysis (note: peptide 7 does not exhibit any 
significant change in fluorescence upon binding to PKCa). All samples were prepared in a 
buffer containing 50 mM HEPES (pH 7.5), 0.8 mM CaCl 2 2H 2 0, 13.6 mM MgCl 2 6H 2 0, 0.56 
mM EGTA Na, phosphatidylserine (90 ng/mL), diacylglycerol (16 ug/mL), 4 mM Tris (pH 

30 7.5), 0.2 mM DTT, BSA (146 ug/mL), 0.2 mM EDTA4Na 2H 2 0 and AMP-PNP (a 

nonhydrolyzable ATP analogue) or without AMP-PNP at pH 7.5. Slide-A-Lyzer dialysis slide 
cassettes (Pierce, 1 OK MWCO, 0. 1 - 0.5 mL capacity) were employed and contained 250 nM 
PKCa and 500 nM fluorescein-labeled peptide 7. The slide cassettes contained a final volume 
of 180 uE. The cassettes were placed in beaker containing a volume of buffer solution that 

35 was at least 500-fold greater than that of the sample volume in the dialysis slide cassette. 
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Equilibrium dialysis experiments were performed over a period of 16 hr and maintained at 4 
°C. The fluorescence intensity of the solutions in the slide cassette (Fi) and in the beaker (F D ) 
was measured. The excitation wavelength for the fluorescein-labeled peptide 7 was 499 nm 
and the emission monitored at 5 1 9 nm. The K D values were calculated from Equation 1 . K D = 
5 203 nM (with AMP-PNP) and 1 .8 uM (without AMP-PNP). 

E _ {[e] t -[e.pMp] 

[E.P] 

where [E] T = total enzyme concentration; [E«P] = enzyme-peptide complex; [P] = free peptide 
10 concentration. 

Example 2. Inhibitors of PKC5 and PKC£. 

Using the consensus sequence Arg-Arg-Gln-Gly-Dap-Phe-Met-Tyr-Phe, a library of 
720 compounds, each conjugated with a different carboxylic acid at the Dap moiety, were 

15 prepared and tested for inhibitory activity against PKC5 and PKC£. The lead compound that 
was the most inhibitory of these for both PKC8 and PKC£ was used to construct two additional 
libraries. The first library comprised 720 different carboxylic acids at the N-terminal nitrogen. 
None of the compounds in that library improved the selectivity or inhibitory activity of the 
original lead compound. Another library was therefore constructed, which had 54 compounds, 

20 each compound conjugated with a different aldehyde at the N-terminal nitrogen. Since, under 
physiological conditions, the aldehyde at the alkylated terminal amine of the consensus 
sequence would have a positive charge as opposed to the carboxylic acid's amide neutral 
charge, we reasoned that the aldehyde library could provide improved specificity and 
inhibitory activity where the carboxylic acid library could not. 
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PKC Isoforms 


£ inhibitor 


Selectivity 


8 inhibitor 


Selectivity 




a 


>40 [iM 


>5300 


17 uM 


940 


Conventional 


P 


5.5 mM 


730 


2.2 uM 


125 




y 


>40 nM 


>5300 


7.0 uM 


390 




6 


4.5 mM 


600 


18 nM 


1 


Novel 


e 


35 nM 


4600 


12 mM 


667 


e 


19 fiM 


2530 


15 |iM 


830 




n 


18 uM 


2400 


22 mM 


1220 


Atypical 


? 


7.5 nM 


1 


3.5 mM 


194 


i 


14 iiM 


I860 


450 nM 


25 



5 In view of the above, it will be seen that the several advantages of the invention are 

achieved and other advantages attained. 

As various changes could be made in the above methods and compositions without 
departing from the scope of the invention, it is intended that all matter contained in the above 
description and shown in the accompanying drawings shall be interpreted as illustrative and 
10 not in a limiting sense. 

All references cited in this specification are hereby incorporated by reference. The 
discussion of the references herein is intended merely to summarize the assertions made by the 
authors and no admission is made that any reference constitutes prior art. Applicants reserve 
the right to challenge the accuracy and pertinence of the cited references. 



15 



- 34- 



What is claimed is: 

1 . An inhibitor of a protein kinase Ca (PKCoc), the inhibitor comprising 
A-Ala-Arg-Arg-X-B-Hyd-C-D-, where A =AcHN-, 





X=any amino acid or amino acid mimetic; B=Ala or a diaminopropionic acid (Dap) derivative 
having the formula 



-NHCO- 



Dap 




— N 



Hyd=Phe, Leu or He; C=Arg or Lys; and D=Ala or a Dap derivative having the formula 
/ NHCO- 



Dap 




wherein any of the amino acids can alternatively be an analogous amino acid mimetic. 

2. The inhibitor of claim 1, having an /C 50 <50 uM for the PKCcc. 

3. The inhibitor of claim 1 , having an /C 50 <10 uM for the PKCrx. 

4. The inhibitor of claim 1 , having an /C 50 <1 uM for the PKCa. 
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5. The inhibitor of claim 1 , wherein the inhibitor has an IC 50 for the PKCoc <0. 1 that 
of any other PKC isoform. 

6. The inhibitor of claim 1 , wherein the inhibitor has an IC 50 for the PKCoc <0.01 that 
5 of any other PKC isoform. 

7. The inhibitor of claim 1, wherein the PKCoc is a human PKCct. 

8. The inhibitor of claim 1, comprising 



O 




.AIaArgArgGlyAlaLeuArgGlnAla-HN(CI-y 2 SH 



9. The inhibitor of claim 1, consisting of 



O 




.AlaArgArgGlyAlaLeuArgGlnAla-HNiCI-yaSH 



10. The inhibitor of claim 1, comprising 




AcHN-AlaArg ArgGlyDapLeuArgGlnAla-HN(Chb) 2 SH 

11. The inhibitor of claim 1, consisting of 

20 
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AcHN-AlaArg ArgGlyDapLeuArgGlnAla-HN(Chb) 2 SH 

12. The inhibitor of claim 1, comprising 




AcHN-AlaArg ArgGlyAla Leu ArgDapAla-HN(CH>) 2 SH 

13. The inhibitor of claim 1, consisting of 




AcHN-AlaArg ArgGlyAla Leu ArgDapAla-HN(Chfe) 2 SH 



14. The inhibitor of claim 1, comprising 



10 




15. The inhibitor of claim 1, consisting of 




15 



16. The inhibitor of claim 1, comprising 




10 



19. An inhibitor of a protein kinase C5 (PKC5), the inhibitor comprising 




21. An inhibitor of a protein kinase CC, (PKCQ, the inhibitor comprising 




23. A composition comprising the inhibitor of any one of claims 1-22 in a 
pharmaceutically acceptable excipient. 
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24. A combinatorial library useful for identifying an inhibitor of a protein kinase, the 
combinatorial library comprising a plurality of compounds, each compound comprising 

a consensus sequence for a substrate of the protein kinase, the consensus sequence 
comprising at least five amino acids or mimetics, wherein at least one amino acid or mimetic is 
5 not essential to substrate binding, and wherein an amino acid or mimetic not subject to 

phosphorylation substitutes a canonical Ser or Thr target residue in the consensus sequence; 
and 

a chemical moiety covalently bound to the compound at 

the at least one non-essential amino acid or mimetic in the consensus sequence 

10 and/or 

the amino acid or mimetic not subject to phosphorylation substituting the 
canonical Ser or Thr target residue; 

wherein each compound comprises a different chemical moiety. 

15 25. The combinatorial library of claim 24, wherein the non-essential amino acid or 

mimetic and/or the amino acid or mimetic substituting a canonical Ser or Thr target residue is a 
diaminopropionic acid (Dap). 

26. The combinatorial library of claim 24, wherein the chemical moiety on each 
20 compound is a carboxylic acid. 

27. The combinatorial library of claim 26, wherein the carboxylic acid on each 
compound is selected from any one of the carboxylic acid moieties provided in FIG. 4. 

25 28. The combinatorial library of claim 24, wherein the chemical moiety on each 

compound is an aldehyde. 

29. The combinatorial library of claim 28, wherein the aldehyde is selected from any 
one of the aldehyde moieties provided in FIG. 5. 

30 

30. The combinatorial library of claim 24, wherein the chemical moiety is covalently 
bound to a diaminopropionic acid (Dap). 

31. The combinatorial library of claim 24, wherein the chemical moiety is covalently 
35 bound to the residue not subject to phosphorylation substituting the canonical Ser or Thr target 

residue. 
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32. The combinatorial library of claim 24, wherein the substitute residue is Ala. 

33. The combinatorial library of claim 24, wherein the protein kinase is a mammalian 
5 protein kinase. 

34. The combinatorial library of claim 24, wherein the protein kinase is a human 
protein kinase. 

10 35. The combinatorial library of claim 24, wherein the protein kinase is a protein 

kinase C (PKC). 

36. The combinatorial library of claim 35, wherein the PKC is a PKCa. 

15 37. The combinatorial library of claim 36, wherein the consensus sequence for a 

substrate of the PKCa comprises LysGlySerHyd(Arg/Lys), where Hyd is Phe, Leu or lie. 

38. The combinatorial library of claim 32, wherein the protein kinase is a PKCa and 
the consensus sequence with the substituted Ala residue is AlaArgArgGlyAlaLeuArgGlnAla. 

20 

39. The combinatorial library of claim 24, wherein the protein kinase is a PKC^I and 
the consensus sequence comprises ArgLysGlySerPheLys. 

40. The combinatorial library of claim 24, wherein the protein kinase is a PKCpn and 
25 the consensus sequence comprises ArgLysGlySerPheLys. 

41 . The combinatorial library of claim 24, wherein the protein kinase is a PKCy and 
the consensus sequence comprises ArgLysGlySerPheLys. 

30 42. The combinatorial library of claim 24, wherein the protein kinase is a PKC8 and 

the consensus sequence comprises (Lys/Gln)GlySerPhe(Phe/Met). 

43. The combinatorial library of claim 24, wherein the protein kinase is a PKCe and 
the consensus sequence is Lys(Met/Lys)Ser(Phe/Ala)(Glu/Tyr/Asp/Phe). 



35 
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44. The combinatorial library of claim 24, wherein the protein kinase is a PKCr| and 
the consensus sequence is ArgArgSerPheArgArg. 

45. The combinatorial library of claim 24, wherein the protein kinase is a PKC^ and 
5 the consensus sequence is (Arg/Gln/Lys/Glu)(Met/Gly)Ser(Phe/Met)(Phe/Met). 

46. The combinatorial library of claim 24, wherein the protein kinase is a PKCn and 
the consensus sequence is (Gln/Tys/Glu/Met)MetSer(Val/Met/Leu)(Ala/Met/Val). 

10 47. The combinatorial library of claim 24, comprising at least 10 compounds. 

48. The combinatorial library of claim 24, comprising at least 100 compounds. 

49. A method of identifying an inhibitor of a protein kinase, the method comprising 
15 creating the combinatorial library of claim 24, for the protein kinase, 

screening the compounds in the combinatorial library for inhibitory activity of the 
protein kinase, and 

identifying any compounds in the combinatorial library that are inhibitors of the 
protein kinase. 

20 

50. The method of claim 49, further comprising creating another combinatorial library 
from an inhibitor identified in the identifying step. 

51. The method of claim 49, wherein each compound is screened separately for 
25 inhibitory activity. 

52. The method of claim 49, wherein more than one compound is screened together 
for inhibitory activity. 

30 53. The method of claim 49, wherein the protein kinase is a mammalian protein 

kinase. 

54. The method of claim 49, wherein the protein kinase is a human protein kinase. 



35 



55. The method of claim 49, wherein the protein kinase is a protein kinase C (PKC). 
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56. The method of claim 55, wherein the PKC is a PKCa, a PKCS, or a PKC£. 

57. A method of treating a deleterious condition in a mammal, where the condition is 
dependent on a protein kinase for induction or severity, the method comprising contacting the 

5 mammal with an inhibitor of the protein kinase found by the method of claim 49. 

58. The method of claim 57, wherein the protein kinase is a protein kinase C (PKC). 

59. The method of claim 58, wherein the PKC is a PKCa. 

10 

60. The method of claim 59, wherein the inhibitor comprises 



A-Ala-Arg-Arg-X-B-Hyd-C-D-, where A- =AcHN-, 




15 

X=any amino acid or amino acid mimetic; B=Ala or a diaminopropionic acid (Dap) derivative 
having the formula 




Hyd=Phe, Leu or lie; C=Arg or Lys; and D=Ala or a Dap derivative having the formula 

20 
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wherein any of the amino acids can alternatively be an analogous amino acid mimetic. 
61. The inhibitor of claim 59, selected from the group consisting of 




AcHN-AlaArg ArgGlyDapLeuArgGlnAIa-HN(Cri) 2 SH 



/ T nhco ^^- n O 

AcHN-AlaArg ArgGlyAla Leu ArgDapAla-HN(Cr-y 2 SH 
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N-AlaArgArgGlyAlaLeuArgDapAlaHN(CI-y 2 SH 



62. The method of claim 58, wherein the PKC is a PKC8. 



63. The method of claim 52, wherein the inhibitor is 





N-ArgArgGlnGlyDbpPheMetTyrPhe-NHCH 2 CH 2 SH 



64. The method of claim 58, wherein the PKC is a PKC£. 



65. The method of claim 64, wherein the inhibitor i: 
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OH 



66. The method of claim 57, wherein the deleterious condition is selected from the 
group consisting of a cancer, a cardiovascular disease, type 2 diabetes, agammaglobulinaemia, 
reperfusion injury, Alzheimer's disease, a neurological or neurodegenerative disease, 

5 chemotherapy-induced alopecia, arthritis, an autoimmune disease, an inflammatory disease, 
allergies, asthma and viral virulence. 

67. The method of claim 57, wherein the deleterious condition is cancer. 

10 68. The method of claim 57, wherein the deleterious condition is heart disease. 

69. The method of claim 57, wherein the deleterious condition is type 2 diabetes and 
the protein kinase is a PKC5. 

15 70. The method of claim 57, wherein the mammal is a human. 

71. A method of inhibiting a protein kinase, the method comprising contacting the 
protein kinase with an inhibitor of the protein kinase identified by the method of claim 49. 

20 72. The method of claim 71, wherein the protein kinase is a mammalian protein 

kinase. 



73. The method of claim 71, wherein the protein kinase is in a living mammalian cell. 
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74. The method of claim 73, wherein the cell is in a living mammal. 

75. The method of claim 74, wherein the living mammal is a human. 

5 

76. The method of claim 74, wherein the mammal has deleterious condition that is 
dependent on the protein kinase for induction or severity. 

77. The method of claim 76, wherein the deleterious condition is selected from the 

10 group consisting of a cancer, a cardiovascular disease, type 2 diabetes, agammaglobulinaemia, 
reperfusion injury, Alzheimer's disease, a neurological or neurodegenerative disease, 
chemotherapy-induced alopecia, arthritis, an autoimmune disease, an inflammatory disease, 
allergies, asthma and viral virulence. 

15 78. The method of claim 76, wherein the deleterious condition is a cancer. 

79. The method of claim 73, wherein the protein kinase is a protein kinase C (PKC). 

80. The method of claim 79, wherein the PKC is a PKCa. 

20 

81 . The method of claim 80, wherein the inhibitor comprises 
A-Ala-Arg-Arg-X-B-Hyd-C-D-, where A- =AcHN-, 




X=any amino acid or amino acid mimetic; B=Ala or a diaminopropionic acid (Dap) derivative 
having the formula 




Hyd=Phe, Leu or He; C=Arg or Lys; and D=Ala or a Dap derivative having the formula 




wherein any of the amino acids can alternatively be an analogous amino acid mimetic. 



82. The method of claim 80, wherein the inhibitor is selected from the group 
consisting of 

O 




AcHN-AlaArg ArgGlyDapLeuArgGlnAla-HN(CI-b) 2 SH 




AcHN-AlaArg ArgGlyAla Leu ArgDapAla-HN(d-b) 2 SH 





r 

N-AlaArgArgGlyAlaLeuArgDapAla 



O 




N-AlaArgArgGlyAlaLeuArgDapAlaHN(Cht) 2 SH 



83. The method of claim 79, wherein the PKC is a PKC5. 



84. The method of claim 83, wherein the inhibitor is 





N— ArgArgGlnGlyDapPheMetTyrPhe-NHCH 2 CH 2 SH 



85. The method of claim 79, wherein the PKC is a PKC£. 



86. The method of claim 85, wherein the inhibitor is 
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OH 



87. Use of an inhibitor of a protein kinase in the manufacture of a medicament for the 
treatment of a deleterious condition in a mammal that is dependent on a protein kinase for 
induction or severity, the treatment comprising contacting the mammal with an inhibitor of the 
protein kinase found by the method of claim 49. 
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Abstract 

Inhibitors of protein kinase C (PKC)a, PKC8 and PKC^ are provided which are 
selective for those PKC isotypes. Combinatorial libraries for identifying protein kinases are 
also provided, as are methods of identifying protein kinases using those libraries. 
5 Additionally, methods of treating a mammal having a deleterious condition, where the 

condition is dependent on a protein kinase for induction or severity, are provided. Methods of 
inhibiting protein kinases are also provided. 
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